Alteration of Toll-like receptor 4 activation by 4-hydroxy-2-nonenal mediated by the suppression of receptor homodimerization.
Toll-like receptors (TLRs) detect invading microbial pathogens and initiate immune responses as part of host defense mechanisms. They also respond to host-derived substances released from injured cells and tissues to ensure wound healing and tissue homeostasis. Dysregulation of TLRs increases the risk of chronic inflammatory diseases and immune disorders. Inflammatory events are often accompanied by oxidative stress, which generates lipid peroxidation products such as 4-hydroxy-2-nonenal (4-HNE). Therefore, we investigated if 4-HNE affects TLR activation. We found that 4-HNE blocked LPS (a TLR4 agonist)-induced activation of NFkappaB and IRF3 as well as expression of IFNbeta, IP-10, RANTES, and TNFalpha. To investigate the mechanism of inhibition by 4-HNE, we examined its effects on TLR4 dimerization, one of the initial steps in TLR4 activation. 4-HNE suppressed both ligand-induced and ligand-independent receptor dimerization. The thiol donors, DTT and NAC, prevented the inhibitory effects of 4-HNE on TLR4 dimerization, and LC-MS/MS analysis showed that 4-HNE formed adducts with cysteine residues of synthetic peptides derived from TLR4. These observations suggest that the reactivity of 4-HNE with sulfhydryl moieties is implicated in the inhibition of TLR4 activation. Furthermore, inhibition of TLR4 activation by 4-HNE resulted in down-regulation of the phagocytic activity of macrophages. Collectively, these results demonstrate that 4-HNE blocks TLR4-mediated macrophage activation, gene expression, and phagocytic functions, at least partly by suppressing receptor dimerization. They further suggest that 4-HNE influences innate immune responses at sites of infection and inflammation by inhibiting TLR4 activation.